Introduction
Prostheses that provide feedback to the patient are under active research because such feedback is indispensable for precise handling of objects. We propose the use of thinned CMOS pressure sensors as a sensing element for such prostheses because the integration of active electronics at the sensor node allows for multimodal, intelligent sensor systems with low wiring effort. Thinned silicon is bendable and can be applied to the curved surface of a prosthesis.
Methods
The unthinned pressure sensors [FASS2008] (Fig. 1) are flip-chip bonded onto a polyimide foil with embedded gold conductors via an anisotropic conductive adhesive (Fig. 2) . The polyimide foil is fabricated in house by standard clean room processes [HUN2005] and is supported by a 3 mm thick glass substrate. Thinning is conducted on a lapping machine and stopped when a thickness of 50 µm is reached. The thickness is further reduced to 40 µm by wet-chemical etching in a mixture of fluoric acid (40%), nitric acid (65%), and acetic acid (100%) (1:3:1) and the surface is planarized by chemo mechanical polishing. The polyimide foil including the sensors is detached from the glass substrate by etching of a sacrificial layer (Fig. 3) . The sensors are mounted onto cylinders exhibiting different radii (Fig. 4 ) and characterized in a pressure chamber where the air pressure is varied between 1000 mbar and 1300 mbar.
Results
Before thinning an array of 32 pressure sensor chips was mounted on an FR4-board to prove the feasibility of this approach. Figure 5 shows the results from this array when touching it locally.
The pressure sensors are functional when thinned and bent (Fig. 6) . When the membranes are stretched (Fig. 6 left) the measured pressure decreases with decreasing bending radius because of stiffening of the membranes. Conversely, when the membranes are compressed (Fig. 6 right) the measured pressure increases with decreasing bending radius. 
Conclusion
As CMOS pressure sensors still function even when thinned down to 40 µm and bent they are suitable for the application as tactile sensors on the curved surfaces of prostheses. 
